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A power source for an electric discharge machine.

A power source for a wire-cut electric discharge machine
is designed to increase the cutting speed and improve the
surface smoothness of a work piece. A capacitor C for supply-
ing a discharge energy across a wire electrode WR and the FIG.3
workpiece WK is always charged by a DC power supply Vs,
and the charged voltage is applied across the machining gap

via a switching element TR. The switching element TR is v R Jf‘!‘“
turned ON when the charged voltage of the capacitor C _-_;__,5 __(; WK
reaches a predetermined level, and turned OFF when the T Re
charged voltage becomes substantially zero, permitting rapid ® "
charging of the capacitor C and the generation of a uniform " - '
= discharge energy. ngL %,R,
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A POWER SOURCE FOR AN ELECTRIC
DISCHARGE MACHINE

The present invention relates to a power

source for producing a discharge, for example between
a wire electrode and a workpiece in a wirecut electric
discharge machine.

A known power source of this kind is such,
for example, as shown in Fig. 1. In Fig. 1, reference
character WR indicates a wire electrode; WK designates
a workpiece; Vs identifies a DC power supply; C
denotes a capacitor; R represents a charging resistor;
and Q shows a switching element such as a transistor
or the like. By repeating ON-OFF operation of the
switching element Q, the capacitor C is charge{by the
DC power supply Vs wvia the charging resistor R. The
charged voltage is applied across the wire electrode
WR and the workpiece WK and a discharge current of the
capacitor C flows, as a discharge, in a discharge gap
defined between the wire electrode WR and the workpiece
WK, performing electric discharge machining of the
latter.

For the repetition of a stable discharge in
electric discharge machining, a necessary and sufficient
discharge suspension period is required for each discharge
and, at the same time, care should be taken in the
voltage application at the start of redischarge. The
insulation recovery characteristic of the discharge gap
after a discharge is such as schematically indicated by

the solid line A in Fig. 2. When a voltage higher than
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the curve A (Which’?ditege wiilrhereinafter be referred
to as the redischergeivoltage) is epplied across the
discharge gap, it isriikely that'a'discharge'is
repeatedly producedrat'the semerposition or thet'an
arc discharge results. o | ' B
7 With a view:to'settling this problem, in the
prior art cireuit of Fig. 1 the Charging time constant of-
the capacitor C is selected large so that;iteicharging'
characteristic curVe,mej'not'exceed the insuletion
recovery'characterisfic curve A, that is, so that
the redischarge voltage as 1ndlcated by the broken
line B in Flg 2 is achleved Accordlngly, the
frequency of dlscharge per unit time ‘cannot be 1ncreased
and the cutting speed cannot be ralsed Furthermore,
the conventional 01rcuit is a. dependent discharge
circuit, whlch may - sometimes berdlscharged before

the capacitor C isrsnffiéiently,charged and consequently

the discharge energy varies for each disgharge,

resulting in the!defeCt;that'aisatisfactoryrsnrface
smoothness of the workpiece is difficult fqrqbtain,

According to the inﬁentionfthere,is | '
provided a power source for én;eiectric:diSCharge machine,
the power source comprlslngi , o . -

a cap301tor whlch is to be charged by a
power supply for supplylng dlscharge energy ‘across an
electrode of the: machlne and a workplece when the
power source is:in'use;sa switching element,inserted in
a'discharge'peth'of the eapacitbr'iand control'means
operable for turnlng ON the sw1tch1ng element when
a charge voltage of the capac1tor reaches a predetermlned
level, and for turnlng OFF the sw;tchlng element upon
completion of a discharge. . S

7 A preferred embodlment of the present

invention prov1des a power source suitable for use in
wire-cut electrlc d1scharge machlneg which permlts an
increase in the frequency of dlscharge per unit time in

the working gap,,therebyrto ra;serthe cutting speed. It
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also may provide a uniform discharge energy for each
discharge in the working gap, thereby improving the
surface smoothness of a workpiece, '

The charging time constant of the capacitor
may be selected small to such an extent that the
charging voltage of the capacitor exceeds the
redischarge voltage in the working gap between the
wire electrode and the workpiece at an early stagz of the
charging of the capacitor. The switching element may
be turned ON at the moment when the charge voltage
of the capacitor becomes small relative to the re-
discharge voltage as a result of its abrupt increase.

For a better understanding of the present
invertion and to show how it may be put into effect
reference will now be made, by way of example, to
the accompanying drawings in which:

Fig. 1 is an electric circuit diagr am showing
a conventional wire-cut electric discharge machine
power source;

Fig. 2 is a graph showing the relationship
between the insulation recovery characteristic of a
discharge gap and the charging characteristic of a
capacitor; '

Fig. 3 is a block diagram illustrating
the principal part of an embodiment of the wire-cut
electric discharge machine power source of the present
invention;

Fig. 4 is a graph showing variations in a

charged voltage VC of a capacitor C, a gap voltage V

a discharge current I and the operation of a switchigg
element TR with time in the case where the power
source of Fig. 3 was operated; and

Fig. 5 is a graph showing the relationship
between the insulation recovery characteristic of the
discharge gap and the gap voltage VG'

Figs. 1 and 2 have already been described

in detail.
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Fig, 3 illustrates in block form the
principal part of an embodiment of the present invention,
in which the parts corresponding to those in Fig. 1
are identified by - the same reference charac%ers. In
Fig. 3, reference character TR indicates a transistor
or like switching element; R1 to R9 designate -
resistors; DA identifies a differential amplifier;

CMP1 and CMP2 denote comparators; VLl and VL2 represent
reference voltages; and G shows a gate circuit.

Unlike the circuit of Fig. 1, the present
embodiment is arranged so that the capacitor C may
always be charged by the DC power supply Vs via the
charging resistor R, and that charges stored in the
capacitor C are applied across the wire electrode WR
and the work WK via the switching element TR inserted
in the discharge path of the capacitor C. The
charged voltage of the éapacitor C is detectedrby the
resistors R1 to R5 and the differential amplifier DA,
and provided to one input terminal of the comparator
CMP, via the resistor R, and to one input terminal of

1 6

the comparator CMP27via the resistor Rg. The -

comparator CMP1 makes a comparison between the output
from the differential amplifier DA and the reference
voltage V.

L1 , ,
by to detect that the charged voltage of the capacitor

applied to the other input terminal, there-

C has reached a predetermined level suitable for

discharging. The comparator.CMP, compares the output

from the differential amplifier gA with the reference
voltage VLZ applied to the,other input terminal, thereby
to detect that the charged voltage of the capacitor
C has been reduced to substantially zero. The gate
circuit G performs logical processing of the outputs
from the comparators CMP1 and_CMP2 ﬁo achieve ON-OFF
control of the switching element TR.

Fig. 4 shows variations in the charged
voltage Vc of the capacitomrc, the gaprvoltage VG’ the
discharge current I and the operation of the switching

element TR with time when the device of Fig{ 3 was
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operated. A description will be given, with reference
to Fig. 4, of the operation of the embodi:@ent of
Fig. 3. .

When the capacitor C is charged by the DC
power supply Vs with the characteristic indicated by
the curve VC in Fig. 4 and its potential reaches a
predetermined level H suitable for discharging, this
is detected by the comparator CMP1 and the gate circuit
G turns ON the switching element TR. As a consequence,
the charged voltage VC of the capacitor C is applied
as the gap voltage VG across the wire electrode WR
and the workpiece WK and, after a very short period
of time, the discharge current I flows in the discharge
gap to effect electric discharge machining of the
workpiece WK. When the discharge is started, the
charged voltage of the capacitor C rapidly drops and
2 that the charged
voltage becomes lower than the predetermined level L,

it is detected by the comparator CMP

i.e. becomes substantially equal to zero. The gate
circuit G detects the compeltion of the discharge from
the output from the comparator CMPZ and quickly turns
OFF the switching element TR and, by this operation,
the capacitor C is charged again to be ready for the
next discharge.

Fig. b is a graph showing the relationship
between the insulation recovery characteristic of the
discharge gap and the gap voltage VG. It appears from
Fig. 5 that even if the capacitor C is charged so
rapidly that the charged voltage exceeds the
redischarge voltage A as indicated by the curve VC’
the voltage is not provided across the discharge gap
because the switching element TR is in the OFF state
in the region above the redischarge voltage, and that
the voltage is applied across the discharge gap at a
moment when the charged voltage VC of the capacitor
C has become lower than the redischarge voltage A. Thus

it can be seen from Fig. 5 that the switching element
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TR is turned ON at a moment wheh'the charged voltage of
the capacitor C is small relative to the redischarge
voltage A, as a vresult of an abrupt increase in the
latter. Since the redischarge voltage across the dis-
charge gap undergoes various changes during,machining,'
the arrangement described previouély is not quite free
from abnormal discharge, By a suitable selection of
the level H in Fig. 4 and the charging time constant
of the capacitor C in view of an average redischarge
voltage characteristic, however, sufficiently stable
discharging is possible and, in additiOn, the frequency
of discharging can markedly be increased. Moreover,
since the discharge is started when the charged voltage
VC of the capacitor C réaches a predetermined level, .
the energy for each discharge is uniform.

As will be appreciated from the foregoing
description, since no voltage is applied across the
discharge gap until the switching element TR is turned
ON, even if the capacitor is rapidly chargéd,'there does
not occur an abnormal discharge as in the prior art;
accordingly, the frequency of discharging can be raised,r
permitting an increase in the cutting speed.  Furthermore,
since the energy for each discharge is made uniform, a
worked surface of good quality can be obtained.

It will be apparent that many modifications and
variations may be effected without departing from the
scope of the novel concepts of the present invention.
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Claims:
1. A power source for an electric discharge machine,
the power source comprising: .

a capacitor which is to be charged by a power
supply for supplying discharge energy across an
electrode of the machine and a workpiece when the power
source is in use; a switching element inserted in a
discharge path of the capacitor; and control means
operable for turning ON the switching element when
a charged voltage of the capacitor reaches a predetermined
level, and for turning OFF the switching element upon
completion of a discharge.

2, A power source according to claim 1, wherein the
control means comprises: a differential amplifier for
detecting the charged voltage of the capacitor; a first
comparator for comparing the output from the
differential amplifier and said predetermined level to
detect when the charged voltage of the capacitor reaches
said predetermined level; a second comparator for
comparing the output from the differential amplifier and
a reference voltage to detect when the charged voltage
of the capacitor becomes substantially zero; and a

gate circuit which is to be supplied with the outputs
from the first and second comparators thereby to
generate a control signal for the switching element.

3. A power source according to claim 1 or 2, wherein
the charging time constant of the capacitor is selected
small to such an extent that when the power source is in
use the charged voltage exceeds a redischarge voltage
across a machining gap defined between the electrode

and the workpiece at an early stage of charging the
capacitor, and wherein the switching element is arranged
to be turned ON at a moment when the charged voltage

of the capacitor 'is small relative to the redischarge
voltage, as a result of an abrupt increase in the latter.
4. A power source according to any one of the
preceding claims, which is for a wire-cut electric

discharge machine.
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5. An electric discharge machine comprising a
power source accdrding to any one of the preceding
claims. '
6. An electrio discharge machineraccording to claims

4 and 5, which i1s a wire~cut electric discharge machine.
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